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ABSTRACT 

The Kvichak River smolt study was  initiated t o  es tab l i sh  a ba s i s  for 
accurate prediction of returning adult  run s ize  and to arrive a t  an estimate 
of the optimum annual escapement needed to  reach maximum sustained yield 
for the Kvichak fishery. The program has  attempted to  accomplish this  by 
providing an  estimate of the tota l  annual smolt outmigration and by contin- 
uing the collection of data on age  and s ize  of smolt. During development of 
total  outmigration hardware and techniques,  a n  exist ing smolt index program 
was continued to  facil i tate i t s  eventual relation t o  total  outmigration es t i -  
mates.  Various methods of smolt population enumeration were evaluated 
during the life of the study with many proving unusable. In 1970 experiments 
were conducted tes t ing the feasibility of utilizing underwater sonar counting 
equipment in  the Kvichak River. Three sonar models were designed by the 
Bendix Corporation and field tes ted by Alaska Department of Fish and Game, 
Commercial Fisheries Research personnel. A s  a resul t ,  the Kvichak water- 
sheds  first  total  sockeye salmon smolt outmigration es t imates  were computed 
for 1971 and 1972. 
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INTRODUCTION 

The Kvichak River drainage basin  covers nearly 8 ,000 square miles ,  
and includes two major lakes .  Iliamna Lake, the largest  freshwater lake in  
Alaska , is 80 miles long, 20 miles wide,  and 1 ,115 square miles in area 
(Figure 1 ) .  Iliamna Lake is about 50 feet  above sea level with a maximum 
depth of 988 feet  and an  average depth of 144 feet .  Lake Clark is about 
220 feet  above sea level with a maximum depth of 860 feet ,  and a n  average 
depth of 338 feet ,  (Burgner, 1969) . 

The Kvichak River drainage is the single most important sockeye 
salmon producing system i n  Bristol Bay. Of the approximately 616 million 
sockeye salmon caught commercially in the Bay since 1914, 391 million or 
63.5 percent were taken in  the Naknek-Kvichak district  t o  which the Kvichak 
is  the major contributor. 

Not only is th i s  fishery extremely important t o  the economy of the 
local  Bristol Bay area and the State of Alaska, i t s  management is of increas- 
ing international significance. Accurate predictions and est imates  of annual 
optimum escapements are needed in  discussions with the Japanese govern- 
ment relative to  their high s e a s  salmon fishery. In addit ion,  scientific 
management and research are requirements of the abstention principal of the 
International North Pacific Fisheries Treaty. 

A factor emphasizing the need for research was  the annual variation 
in production from this  system. In recent years ,  adult sockeye salmon returns 
t o  the Kvichak have varied from a low of 31 9,461 fish t o  a high of 54,038,493 
fish.  Successful management of th i s  resource requires a knowledge of the 
causes  of th i s  large cyclic variation and some method of anticipating and 
predicting the variation i n  future returning runs. Accurate predictions are  
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Figure 1 . The Kvichak River drainage bas in ,  Bristol Bay, Alaska. 



a l s o  necessary for the fishing industry to  estimate production facil i t ies 
needed to  harvest the run. 

This need for more data resulted in the initiation in  1955 of a research 
program under the supervision of the Fisheries Research Institute of the Uni- 
versity of Washington encompassing spawning and rearing a rea ,  escapement,  
and smolt studies.  Since 1961, the smolt study and since 1960 the escape-  
ment enumeration and sampling have been the responsibility of the Alaska 
Department of Fish and Game. 

The Kvichak smolt project was  initiated to  evaluate the relative smolt 
production from various sized escapements and to  obtain information on age 
and s ize  of smolt. The smolt indices  of abundance obtained i n  this  study 
have been used to  predict adult  returns s ince ,  in  general, they have yielded 
a better relationship to return than escapement data have. However, the long 
range goal of these  studies was  to  obtain a more complete understanding of 
cycle mechanisms and their implications in managing the escapements t o  obtain 
maximum yield.  

The most accurate prediction of adult run s ize  attainable from inshore 
data may logically be sought by a program of smolt enumeration and study. A t  
th i s  stage of life history, the highly variable freshwater mortality has  already 
had its effect and can be  measured. Also, the fish to  be enumerated are con- 
centrated i n  the relatively small area of a single river a s  compared to their d i s -  
tribution throughout Lake Iliamna a s  fry or, la ter ,  a s  maturing fish throughout 
the  ocean. However, a n  exist ing smolt index project did not adequately ful- 
f i l l  these  objectives a s  is evidenced by the variable accuracy of the prediction. 
While some variation could be expected in high s e a s  mortality, it is reasonable 
t o  presume that  a precise measurement of outmigration magnitude and age com- 
position would lead to  improved forecast  accuracy. 

The Kvichak smolt index project was  basically a pilot study on the 
problems and possibil i t ies of smolt enumeration. However, due mainly to  
a lack of funds, it did not proceed beyond that  s tage,  except for a few minor 
embellishments until Federal funding was introduced. Although the use of 
photo-counters and 24-hour fishing were incorporated into the project, fishing 
w a s  s t i l l  conducted with a single fyke net i n  one of the original locations. A 
greatly expanded smolt study was  needed to  improve the accuracy of the smolt 
migration enumeration. 

In 1965 a partially federally funded program using funds from Com- 
mercial Fisheries Research and Development Act (P. L .  88-309) , was initiated 
to  improve the index or obtain an  outmigration estimate suitable for forecast  
application. Beginning with f iscal  year 1969-70 the program funding was 



switched t o  the Anadromous Fish Act (P.  L. 89-304) . 
Under the partially federally funded program, research was  directed 

toward the develcpment of total outmigration hardware and techniques while 
the index program was  continued because of the  possibility that  i t  could 
eventually be stat ist ically related to  total  outmigration es t imates  , and be- 
cause i t  w a s  the only inventory method avai lable .  

The purpose of th is  report is to  give a historical account of the develop- 
uen t  and evolution of the Kvichak River index and total  outmigration programs. 

INDEX PROGRAM, HISTORICAL REVIEW 

1955-1960 Operations 

Beginning in  1947, information on sex  and age composition of adult 
salmon was  collected from the commercial catch and spawning ground escape-  
ments of the Kvichak watershed.  The work was done by the Fisheries Research 
Insti tute,  University of Washington, and continued annually through 19 54 .  In 
the spring of 1955, that  organization, prompted by the Alaska Salmon Industry, 
Inc . ,  began s tudies  of the Kvichak sockeye runs in  an attempt to  locate sources 
of mortality in  various l ife s t ages .  A t  that  time, the smolt index program was  
established , (Kerns, 196 1) by FRI on Saltonstall-Kennedy funds administered 
by the U.S. Bureau of Commercial Fisheries (now National Marine Fisheries 
Service) . 

Potential smolt sampling s i t e s  were selected from the upper 4 miles of 
the Kvichak River, where water depth and velocity,  smolt concentration, and 
crew maintenance logis t ics  were optimal (Figure 2) . Below the 4-mile a r ea ,  
the river breaks up into a multitude of channels in  Kaskanak Flats ,  then recon- 
s o l i d a t e ~  into the slower, deep river channel that  continues to  the upper reaches  
of t idal  influence below Kaskanak Flats.  Fyke net sampling gear chosen for th i s  
program could not be fished in  deep water or water with low velocit ies.  

In the a r ea s  where s i t e s  were selected,  the river channel varies from 
500 to  700 feet  wide,  and up t o  1 5  feet deep .  The river bottom above Kaskanak 
Flats i s  characterist ically gravel of 1 inch to  2 inches ,  with larger material 
showing in  fas t  deep channels.  The water i s  normally'clear with the mid-channel 
velocity rangingup to  7 or 8 feet  per second. 

Si tes  A ,  B ,  and C were 1/2,  4 and 2 miles respectively from the lake .  
In these  s i t e s ,  a net  location was  sought where water velocit ies were 3 .1  f .  p . s . 
or greater,  s ince t e s t s  showed that  lower velocity seemed to result  in decreased 
ca tches .  
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Figu re  2 .  U p p e r  Kvichak River s a m p l e  sites, 1 9 5 5 - 1  9 7 2 .  



Gear chosen for th is  program was a fyke net fitted with knotted 1-inch 
stretched measure cotton webbing, (Figure 3) . The net  was  sewn to  a rigid 
4 '  x 4 '  square tubular s teel  frame. Running upstream and outward from the 
frame were two wings 10'  long and 4' high. Wings were held open a t  a width 
of 9 feet by water current, and restricted a t  that  width by two spreader l ines .  
Wings were stretched vertically by corks and leadlines.  Behind the frame 
the body of the net narrowed, in 4 feet  of length,  to an  18 inch diameter restric- 
t ion,  within which was  a webbing throat of 1/2 inch stretched measure mesh 
and a 2" x 10" metal frame. The metal frame in  the throat prohibited fish from 
retracing their path of entry and escaping the net .  Back of the "throat" was  a 
removable cod-end to facilitate sampling of the catch,  (Kerns, 1961) . The 
gear design remained similar through the life of the project, although netting 
materials eventually changed to nylon. The net was held i n  place with sep- 
arate anchor l ines  attached to  bridles on each wing. Water depth was se t  a t  
3.8 feet .  

In general, s i te B was  used to at tain the index,  with accessory fishing 
a t  s i t e s  A and C . Methods of fishing are thoroughly discussed in  Kerns, 1961. 

Briefly, the fishing season continued from the time of lake breakup 
through the  period of rapid increase  of water temperature, until smolt catches  
practically ceased .  This period is usually from May 15 to June 15.  

In these  early years fishing was done during the darkest  period of the 
night only, from 2200 to 01 00 hours, since observations on the nearby Nusha- 
gak River indicated most of the daily outmigration took place during those 
hours. This was  substantiated on 24-hour sampling days  on the Kvichak in 
1 9 5 7 ,  1958, and 1960. 

Age, length, weight,  and relative numbers of emigrating smolt were 
determined from the catches  made in  the fyke net  during sampling period, 
(Kerns, 1961). 

From analysis  of the age-length information an age c l a s s  separation 
point was  determined and applied to  the length frequency samples to  es tabl ish  
the age c l a s s  composition of the outmigration. Sockeye salmon smolt are 
aged according to the number of winters spent in  lake residence prior to  emi- 
gration. Therefore, Age I smolt would have spent 1 year in  lake residence 
prior to smoltification, while Age I1 smolt would have spent 2 years .  Because 
of the 1 year separation of age c l a s s e s ,  smolt can readily be separated by acjc 
c l a s s  according to their lengths (snout to  fork) once the separation polnt is  
known. 

Catch ra tes  and length frequencies of smolt in  ca tches  a t  s i t e s  A and 
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B were found to be substantially different.  The differential catches  showed 
the si te with greater velocity produced catches  of more pounds per hour and 
smolt of larger average s i z e ,  indicating that  net avoidance was  decreased in 
faster  water,  especially for the larger smolt (Kerns, 1961) . 

Throughout the years of th i s  program, the question of percentdge of 
smolt emigrating during the three index hours was checked only i n  1955, 1958 
and 1959 with 24-hour fishing days .  Estimates were not recorded on daytime 
v s  . nighttime avoidance. Because of the timing of smolt outmigrati:m, ice  
interfered with fishing several days  out of each year,  requiring estimates be 
made of missed numbers of f ish .  Days missed due t o  i ce  during smolt out- 
migrations are  illustrated in Figure 4. 

In 19 5 9 ,  Veeder-Root photo-electric counters were introduced a s count- 
ing equipment. The units were installed in  a funnel-shaped aluminum tunnel a t  
the rear of the fyke net .  The photo-electric equipment cons i s t s  of Veeder-Root 
Series A-180707 electronic counter, a heavy-duty 12 volt battery, a Heath kit 
Model No. MP-10 power converter, and the photo-cells mounted in the tunnel 
(Figure 5) . Testing was  continued and refinements made in  1960 (Kerns, Koo, 
and Junge , 19 61) . 

1961-1965 Operations 

The smolt sampling program on the Kvichak River was  similar in  1961 
to  the previous years ,  except that  the program became the responsibility of 
the Alaska Department of Fish and Game with the coming of statehood. Some 
24-hour sampling was  conducted (Church, 1963). In that  year,  a l s o ,  the FRI 
began work on spawning and nursery areas  and juvenile sockeye i n  the Kvichak 
watershed (Mathisen & Kerns, 1964) . 

In the following year ,  1962, the Kvichak smolt program was conducted 
by FRI under contract t o  Alaska Department of Fish and Game. The photo-counter 
equipment was again used a t  the rear of the fyke net (Kerns and Marriott, 1963) . 
With this  unit attached and the cod-end removed, the net was fished 24 hours a 
day during the ice  free periods to get an estimate of total  daily passage without 
a fulltime staff on hand. While in previous 24-hour fishing the net required a 
cod-end to  measure passage ,  and frequent emptying to prevent extremely high 
mortality of the ca tch ,  the f ish now passed through the counter and continued 
their outmigration. 

During calibration periods only, a cod-end was  affixed behind the photo- 
counter to  determine the average fish per count ratio. To estimate the number of 
f ish in the ca tch ,  the cod-end catch was weighed, and the number of f i sh  in a 
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random 1 lb. sample, was  counted. The fish per pound from the sample was 
multiplied by total pounds of ca tch ,  and that  figure divided by the  number of 
counts registered on the photo-counter . The result was the f .  p . c . (fish per 
count) ratio. The average of these  f . p . c .  calibrations was  applied to counts 
t o  determine passage for periods when the cod-end was not at tached. Corn- 
plete methodology is discussed in Marriott (1965). 

Following the 1962 season ,  the variation between years  i n  the ratio of 
the 3-hour index catch t o  the 24-hour index catch was  studied. The conclusion 
was that  the 3-hour proportion of the 24-hour outmigration a s  measured by fyke 
ne t ,  had ranged from 8 2.3 percent in  19 5 7 to  a low of 2 5 .1 percent in 19 62. 
It was  apparent that  the 3-hour index period count could not be relied upon to  
give a n  estimate of daily (thus seasonal)  outmigration. The standard 3-hour 
index was  replaced with two 24-hour sampling programs. 

In 1963 the index operation was  a 24-hour-a-day fyke net  photo-tunnel 
operation that  varied from the 1962 method in  that  the photo-electric ce l l s  in  
the tunnel were reduced from five to  two pairs (Marriott, 1965). Climatologi- 
c a l  observations were begun that  season.  Water temperatures were considered 
t o  be one of the most valuable keys  to  beginning and ending da t e s  of outmigra- 
t ion.  This matter i s  d iscussed by Foerster (1968) in h i s  text  on sockeye salmon. 

The 1964 season was again fyke net and photo-counter operation 
(Pennoyer and Seibel ,  1965) . The report on the 1964 season defines the con- 
version of 3-hour to  24-hour ind ices ,  and thoroughly documents use  of the 
photo-electric equipment, sample collection, and interpolation for missed 
fishing periods . 

During a normal smolt indexing season ,  fishing begins with 3 or 4 hours 
of fishing daily during the evening hours, until the  first smolt are caught. 
Fishing then goes on 24-hours a day until smolt are essential ly gone. During 
th i s  period a fyke net  i s  fished with a photo-tunnel or cod-end , and smolt are 
sampled daily for age cla s s  , length frequency, and weight. Samples are 
usually taken each hour during the "index hours",  2 200 to  01 00. Sample 
data i s  applied to  daily index counts to  come up with weighted numbers of 
smolt by age c l a s s  with respective mean weights and lengths. 

1966-1972 Operation 

The index operation from 1966 through 1972 remained unchanged with 
three minor exceptions.  About 1966 the first nylon net was  introduced when 
cotton became obsolete a s  a net fiber. The nylon was much more res is tant  
to  i c e  damage and storage decay.  All cotton nets  were replaced with nylon 
by the spring of 19 7 1 . 



Another change was  the addition of a lever mounted on the skiff  gun- 
wale for lifting the rear of the fyke net  for cod-end servicing in  1969. This 
was  the first move toward more rapidly cutting off the flow of smolt into the 
cod-end during calibrations. A final change was  introduced with the inclu- 
sion of a manually controlled cod-end bypass gate in  19 71 . With the flip of a 
handle a shutter swung inward into the photo-tunnel restri'ction, cutting off 
the flow of f ish from the photo-counters t o  the cod-end and shunting them 
through a n  exi t  on the side of the tunnel. This further improved the integrity 
of the smolt sample measured a t  the end of calibration by preventing uncounted 
stragglers from dumping into the cod-end . 

The period 1966 through 1972 was  a time of changing emphasis on the 
Kvichak smolt program from the indexing by fyke net to methods which could 
give a total  outmigration estimate,  or a t  the very lea s t  overcome the major 
problems in  reaching a comparable annual index. Federal funds were intro- 
duced for this purpose in the 1966 field work, leading to  the work reported in 
the total outmigration phase reported in  th is  paper. The index program, how- 
ever,  remained basically unchanged. 

Beginning in  1966 , fyke-netting problems that  could result  in dissimilar 
rat ios of index catch t o  outmigration were frequently ci ted.  Ice  interference 
was  cited in  each  report from 1966 through 1972. Changes in net  avoidance by 
smolt was  mentioned in  some early years ,  and annually beginning in 1967 due 
to  water turbidity and light. Dissimilar distribution of smolt was  documented 
in  1961 by Kerns, a s  cited earlier and again i n  the 1970 smolt report. Differ- 
ences  in distribution by age c l a s s  were not found in  1955, 1957 and 1958, but 
were observed in  1970, 1971 and 1972. 

Annual reports document the programs for 1965 (Pennoyer, 1966), 1966 
(Pennoyer and Stewart, 1967) , 1967 (Pennoyer and Stewart, 1969) , 1968 (Paulus 
and McCurdy, 1969),  1969 (McCurdy and Paulus,  1972),  1970 (Paulus and 
McCurdy, 1972),  1971 (Russell, 1972) , and 1972 (Parker, 1974) . Data from 
the index program is presented in  Appendix Tables 1-9 with related spawner 
numbers. 

TOTAL OUTMIGRATION ESTIMATE PROGRAM, HISTORICAL REVIEW 

1965 Operation 

Investigations in 1965 were separated into two phases .  Phase I involved 
the initiation of a literature survey and compilation of available information on 
sockeye salmon smolt and downstream migrant sampling equipment. Phase I1 
involved the location and selection of a suitable sampling s i te  on the Kvichak 



River where a n  estimation of total sockeye salmon smolt outmigration could 
be obtained. Physical and biological parameters examined a t  potential s i t e s  
included river width, depth,  current veloci t ies ,  bottom profiles, i ce  occurrence 
and smolt presence (Pennoyer , 19 66) . 

1 9 6 6 Operation 

During the 1966 field season ,  efforts continued to  es tabl ish  a sample 
si te on the Kvichak River where a total  outmigration estimate could be made. 
It was  conclqded that an acceptable s i t e  would have to be relatively free from 
ice  to facil i tate continuous sampling during the relatively short outmigration 
periods. With this  a s  a main criteria for acceptance,  a portion of the Kvichak 
River 15 miles downstream from Ka skanak Flats was selected.  The sample 
s i te  known a s  Big Rock exhibited the required characterist ics of uniform river 
bottom, fairly straight channel and absence of i ce  (Figure 6 ) .  From analysis  
of physical data collected a t  Big Rock s i t e ,  i t  was  concluded that  sampling to  
obtain an  outmigration estimate a t  that  location would present some unique 
problems. Low current veloci t ies ,  t idal  reversals of current and depth of the 
river represent the primary difficult ies and precluded the utilization of conven- 
tional stationary sampling gear (Pennoyer, 196 7) . A review of the problem 
involved, gear required, and data needed, was undertaken to  determine the 
feasibility of obtaining a n  outmigration estimate under these  sampling conditions. 

During the same season ,  fyke net  sampling a t  Otter Island was  a l so  
conducted, but heavy ice  run out from Lake Iliamna disrupted fishing for sev- 
era l  days ,  and the area was  not considered usable a s  a total outmigration s i t e .  

Under Phase I of th is  project the literature review was directed toward 
examining gear types  and sampling designs  used for enumerating downstream 
migrants in  similar circumstances elsewhere. 

1 9 6 7 Operation 

Two approaches for obtaining a n  estimate of the total outmigration were 
tes ted during the 1967 field sea son.  The first method, a volumetric ana lys i s ,  
was  based on estimates of smolt passage ra tes  expressed i n  catch per volume 
of water versus total flow. The capture gear designed and used for the above 
method was  not effective due to  smolt avoidance. Thus, th i s  method was  
abandoned, (Pennoyer and Stewart, 1969; Paulus and McCurdy , 1969) . 

The second method was  a mark-recapture method utilizing compressed 
a i r  and a fluorescent pigment to  mark smolt. The pigment was  applied to  the young 
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salmonids with the aid of a sandblast  gun and delivered a t  100 p. s . i .  pressure.  
Capture of smolt for marking was  conducted a t  the index s i t e  by funneling smolt 
through a standard 4 '  x 4 '  fyke net and into a floating live box (Figure 7).  

Smolt recapture was  conducted 25  miles downstream a t  the  Big Rock 
s i t e  (Figure 6) .  Recovery gear consisted of two nets  with a 9 square foot open- 
ing and no wings.  Recaptured smolt were then examined under an ultraviolet 
light for presence of the fluorescent pigment. 

Results from the 1967 field season indicated that  the two net recovery 
program did not lend i t se l f  to a total population estimate (Pennoyer and Stewart, 
1969) . However, it was thought that  the mark and recapture method of popula- 
tion estimation was  feasible . For th i s  reason,  efforts were directed toward 
investigating other forms of capture gear.  Of prime consideration was a migrant 
dipper sampling device developed by the Montlake Laboratory, National Marine 
Fisheries Service, Seat t le ,  for use  a t  low current velocit ies . 

19 68 Operation 

Mark and recapture sampling was  repeated during the 1968 field season .  
Sampling methods were similar to those used in  1967 with two exceptions.  
First,  smolt marking and re lease  locations were moved to  Kaskanak Flats 
(Figure 6) .  Second, a migrant dipper (Figure 8) was  tested and evaluated for 
smolt recapture a t  the Big Rock s i t e .  

Numerous difficulties were experienced during the recapture effort a t  
the Big Rock s i t e .  Due to  excessive water resistance caused by the migrant 
smolt dipper, mobility was  practically impossible except for brief periods dur- 
ing slack water in  th is  tidally-influenced area (Paulus and McCurdy , 1 9 68) . 

In addition to  mechanical difficulties with the recapture gear,  the smolt 
frequently formed meandering, ribbon-like schools that  did not enter the gear.  
It  became apparent that  much information on smolt distribution and behavior 
was required before enumeration efforts of th is  type could be relied upon for 
total  outmigration information. 

19 6 9 Operation 

Under Phase I of the Kvichak River smolt s tudies ,  research was directed 
toward investigating the feasibility of sonar counting devices  for measuring smolt 
outmigration. Mr. Albert Menin of the Bendix Corporation was consulted for 
information on this  subject. During the field season ,  Mr. Menin conducted 
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Figure 8 .  Isometeric  view of the  migrant dipper des igned for smolt recapture operation a t  the  Big Rock 
sample site on the  Kvichak River, 19  6 8 .  



severa l  experiments on the  Kvichak River t o  determine the  "countabil i ty" of  
sockeye salmon smolt .  The resu l t s  from t h e s e  experiments indicated sonar 
counting d e v i c e s  could be  applied t o  counting outmigration smolt .  Plans 
were formulated for the  construction of  two sonar counting uni ts  which would 
be in operat ion the  19 70 field sea  son .  

In 1969 there w a s  no field program conducted to  obtain a to ta l  out- 
migration es t ima te .  Instead three programs of a n  experimental nature were 
conducted.  The f i r s t ,  a n  index improvement and evaluat ion program a t  Kas- 
kanak Fla ts  w a s  conducted t o  observe dai ly  index c a t c h e s  a s  t o  number and 
a g e  composition and t o  determine the  f ishabil i ty of a metal fyke t rap .  

The second program inves t iga ted  ut i l izat ion of the  metal fyke trap a s  
a cal ibrat ing dev ice  for a sonar smolt counter .  This w a s  t o  be accomplished 
by posi t ioning the  metal trap direct ly behind the  sonar counting gear .  A 
photo-electric counter w a s  t o  be  connected t o  the  restr ict ion of the  metal 
t rap thus  obtaining a n  enumeration of the  f i sh  pass ing  over the  sonar a r rays  
and then through the  trap.  

Numerous diff icul t ies  encountered with the  metal  fyke trap forced a n  
early termination of a l l  related projec ts .  Consequently no  true evaluat ion w a s  
obtained for 1969 (McCurdy and Paulus,  1972) . 

The third program ini t iated i n  19 69 involved a s s e s s i n g  orientation of 
smolt within the  stream cross-sec t ion  or  veloci ty profile by a g e  c l a s s  through- 
out  the  outmigration period. The information acquired from th i s  distr ibutional  
study would be direct ly applicable t o  des igning sampling equipment and pro- 
cedures  for any to ta l  outmigration monitoring program. The sampling gear  con- 
s i s t ed  of 1 / 2  inch  monofilament knot less  gi l lnet  hung in  panels  2 '  x 1 . 5 '  and 
spaced 1 foot apar t  in  a ver t ica l  array (Figure 9) . The ar rays  were then spaced 
evenly a c r o s s  the  r iver ,  and hung from a surface " header-l ine" (McCurdy dnd 
Paulus ,  1972) .  

Throughout the  s e a s o n  very few f ish  were ac tual ly  captured wlth the  
equipment preventing any  a s s e s s m e n t  of smolt distr ibution.  It  appeared tha t  
the  observed small c a t c h  w a s  primarily the  resul t  of the  low magnitude of 
outmigration i n  1969 (McCurdy and Paulus, 1972) . 

19 70  Operation 

A s  a resul t  of the  1969 sonar experiments,  construct ion of the  f i r s t  
sonar counting system began a t  the  Bendix laboratories  in  California.  Initial 
tests on the t ransducers  were made a t  the  Nimbus Hatchery in Sacramento,  
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California and in  the Bendix sonar tes t ing pool. The first field t e s t s  were 
made in the Kern River in California on 90 mm trout fingerlings which caused 
a strong response on the counter. The unit then was disassembled and 
shipped to  Bristol Bay. 

The 1970 ladder-like transducer mount units were constructed of 
8-3/4 inch I .D.  p las t ic  pipe pr ima~y ra i l s ,  with 4 inch diameter crossbars 
or "rungs" which were attached to primary ra i ls  by s tee l  hose clamps. The 
complete unit consis ts  of two sections 11 feet long, 3 feet  wide,  with a 
maximum height of 1 .7  feet (Figure 10)  . Alternately mounted on each sect ion,  
are  vertical and lateral  scanning transducers.  Transducers were mounted 0 .8  
feet apart.  The vertically aimed transducers count smolt in the surface water 
while those laterally mounted count smolt downstream of the array in  the 
bottom area thus practically eliminating "unscanned" a reas  (Figures 11 and 
1 2 ) .  

The large main rails  of the array were sealed into air  tight chambers 
s o  that  the arrays could be either floated by inflation with a scuba tank,  or 
sunk by flooding the chambers with water. One-way valves and hoses  pro- 
vided a c c e s s  to submerged units  for water and a i r .  

Due to  the weight of electronics and pipe,  the smolt arrays were 
self-positioning under water when attached to  an anchored bridle. 

Each sonar array was  equipped with 200 feet of electronic cable which 
connected to onshore electronics and printers and 50 feet of hose for intro- 
ducing either a i r  or water to facil i tate array placement. 

Features included on the 1970 sonar smolt counter were: (1) a control 
which compensates for water velocity,  (2) a control for water depth,  (3) a 
battery condition meter, and (4) digital  printers for upper and lower counts.  

A s  a result  of modification of the original one-array sonar counter 
into a two array system, controls for velocity (to s e t  repetition rate) and 
the depth (to s e t  range) were limited to  a single control for each variable. 
Consequently, when depth differences existed between arrays ,  the depth 
control had to be s e t  a t  the shallowest array to prevent counting the surface.  
This in turn prevented the deeper array from sampling the upper stratum of 
water equal to the depth differences between arrays (Paulus, 1971).  

The smolt sonar units were designed to use the same printer a s  the 
adult counter. The printers had the capability of printing a t  5 , 1 0 ,  or 15 
minute intervals.  Since counts from vertical and horizontal transducers were 
separated on the printers, a record of the vertical distribution was produced 
in addition to  total numbers of smolt (Paulus, 1971). 



Figure 10. One section of 1970 smol t sonar  a r r ay .  
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Figure 1 2 .  Schematic of the Bendix 1 9 7 0  smolt counter sonar ar ray ,  top view,  drawing not t o  s c a l e .  



Calibration experiments were immediately begun upon the arrival of 
the sonar equipment a t  the Kvichak River. Preliminary efforts to  calibrate 
the sonar unit by placing i t  in front of a s teel  fyke trap proved impossible 
because of sparseness  of smolt schools ,  and surface agitat ion,  A new sonar 
t e s t  s i te  was  established offshore from the index net about 80  feet (Figure 2 ) .  
A 4 '  x 6 '  fyke net was  s e t  about 8 feet behind the sonar array and 69 calibra- 
t ions were niade. The calibration indicated the theoretical 10 smolt per sonar 
count was  approximately correct ,  and easi ly  within adjustment range (Paulus 
and McCurdy, 1972). 

The performance of the 1970 sonar counting equipment indicated that  
with minor modifications, a n  enumeration of the total smolt outmigration was  
now possible and would be attempted in 1971 with four sonar array sections 
spaced across  the river. 

1 9 7 1 Operation 

In 1971 the first total  smolt outmigration estimate was achieved utili- 
zing two sonar counting systems. In addition to the existing 1970 sonar 
model, a new sonar system composed of two 12 '  arrays was  built by the 
Bendix Corpora tion. 

The 1971 sonar arrays,  although similar in principle to i t s  predecessor,  
incorporated numerous modifications to increa s e  system efficiency. Among 
these  modifications was  a design change to lower array profile (Figure 13) , in 
a n  effort to increase counting efficiency in  shallow water. Each of the 1971 
arrays held fourteen transducers,  seven orientated upwards and seven orient- 
ated downstream. Experimentation with downstream transducers gave an 
optimum angle with the river bottom of 18' using transducers with a 19' beam 
width. 

Additional modifications were a s  follows: 

1 . Transmit pulse - width was  reduced from 150 micro-seconds to  
12 0 micro-second s . 

2 .  The electroriics package had improved sensitivity to lower the 
count threshold. 

3 .  An electronic thermistor circuit with an external probe and 
panel meter was  added to the system to  allow continuous 
monitoring of the water temperature. 
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4. Modifications were made to allcw up to four transducers to  
be disconnected from the electronics package without 
influencing the system. 

5 .  In the 19 71 model, the downstream transducers counted only 
in the bottom half of the  river and vertical transducers only 
the upper half, regardless of depth setting; automatic com- 
pensations was  a l so  made for any beam overlap a s  the depth 
setting was  readjusted. 

6 .  A new printer and associated electronics were installed which 
allowed separate printing of upper and lower banks of trans- 
ducers for each array; corresponding counters were a l s o  added. 

7 ,  External t e s t  points were added to allow circuit monitoring 
and test ing without opening the electronics package. 

8 .  The depth indicator on the 1971 model gave the dis tance from 
the river bottom to the range of the sonar beam (the 1970 
model gives it from the transducer f ace ) .  

The 1971 sonar s i te  was located 4 miles downstream from the ADF&G 
field station (Figure 2) . A t  th is  location the Kvichak River i s  confined to  a 
single main channel with a relatively small secondary channel pass ing off to 
the west  s ide .  The main channel,  640 feet  wide,  pos se s se s  a relatively 
smooth even bottom averaging 4-1/2 feet  deep.  

Water velocity information was  collected a t  the sonar s i te  during the 
field season to  relate smolt passage ra tes  to current velocit ies.  Measure- 
ments were taken a t  40 foot intervals across  the river and a t  1 foot vertical 
intervals with a Gurly type AA current meter (Russell,  19 72) . 

Sonar system calibration in 1971 was  conducted using standard 6' x 
4 '  fyke ne t s  with wings positioned behind the sonar arrays a s  in  1970. Cali- 
brations were first made for the 1971 sonar gear and later in the season for 
the 1970 sonar gear. Actual calibration was accomplished by determining the 
number of smolt captured per sonar count. This was  done by first a s se s s ing  
the number of smolt in a fyke net  catch.  Due to  the large numbers character- 
i s t i c  of ca tches ,  a 1 pound subsample would be extracted and counted. The 
resulting smolt per pound would then be multiplied by the catch weight pro- 
ducing an  estimate of the number in  the catch.  Next, th is  calculated number 
of smolt in  the  catch would be divided by the corresponding sonar counts 
accumulated during the calibration period. The calibration periods varied 
depending upon the smolt passage ra tes  encountered. High passage rates 



would limit calibration period to a few minutes to  keep the catch weight down 
s o  i t  could be handled. 

To determine which calibrations would be utilized, the designing 
engineers '  specifications were considered. These include: (1) that  a t  
optimal adjustment the sonar would register one count for 10 smolt of a 
specific biomass,  (2) that  i t  was  mechanically impossible that  l e s s  than 
five fish could trigger a count, and (3) that  no more than 20 smolt could cross  
the unit with only a single count registered. From these  specifications i t  was  
established that calibrations of under five fish per count or over 20 fish per 
count could be discounted a s  mechanically invalid. The reasonableness of 
these  limits can be realized when the placement of the net  10 feet behind the 
sonar array is considered. In that  distance schools moving laterallv can miss 
the sonar and be caught in the net or counted and not caught. Consequently, 
the 5 to  20 f ish per count was adapted a s  the acceptable limits for valid cali-  
bra tion s . 

After the season,  evidence of optimal sampling conditions was sought 
from day-night and high-low pa ssage  rate calibration data . The calculated 
smolt per count for each  group was  then averaged and expanded by 12/9 to 
compensate for width differences between sonar arrays and calibrating fyke 
net .  This process was repeated for both sonar systems. A calculation was  
a l s o  made for under-counting or over-counting from the measured velocity 
of each  array and the velocity s e t  on the electronics; the counts were appro- 
priately adjusted.  

The results  from sonar calibration indicated that  the 1970 sonar equip- 
ment was counting a t  247.9 smolt per sonar count (Parker, in  press) . The 
observed low counting efficiency was  attributed to  obvious shipping damage 
that  occurred while the gear was in  transit  from Los Angeles in  the spring of 
1971 . The 1971  sonar equipment exhibited calibrations c lose  to  designed 
electronic capabilities with an  observed 9.96 smolt per sonar count (Parker, 
i n  p ress ) .  

To insure proper recording and labeling of valid sonar counts,  instru- 
ments were continually monitored. It was  noted that winds over 40 m.p.h. 
and heavy precipitation would entrap a i r  into the river and cause fa lse  counts. 
Likewise, i c e  a c t s  a s  a strong target and the range must be s e t  below the 
depth of the i ce  to prevent invalid counts. 

As in  index operations, sonar sampling "days" were on a noon to noon 
bas i s  . To facilitate t h i s ,  the digital  counters were logged, cleared and s e t  
to  " 0" a t  6 hour intervals beginning a t  1 2  noon. This prevented error 
buildup in  the timers that trigger interval printing. In that  the sonar arrays 



sample only that portion of the river channel directly over them, it is neces-  
sary to expand the observed counts to  compensate for the unsonified portion 
of the river channel between arrays and between arrays and shore. The pro- 
cedure for sonar count expansion to estimate total  outmigration is a s  follows: 

1 .  The season total  sonar counts for each  array is determined. 

2 .  Sonar counts are transposed into numbers of smolt by applying 
the appropriated calibration and current velocity correction 
factors. 

3 .  The number of smolt per foot of array is computed for each 
sonar array fished. 

Total smolt over array 
Array length 1 2  ' 

4. The dis tances  between array centers and inshore arrays and 
river banks are a s s e s sed  . 

5. The number of smolt per foot of sonar array is multiplied by 
one half of the dis tances  to  adjacent array centers.  

6. The number of smolt between a n  inshore array and its adja- 
cent  river bank is calculated by multiplying the number of 
smolt per foot of the inshore array by half the distance to  
i t s  bank. 

7 .  The total  outmigration estimate i s  derived by summing the 
calculated number between array centers plus the calculated 
number of smolt between inshore array centers and the adja- 
cent river banks.  

The 19 71 total outmigration was estimated a t  9 1 , 6 8 2  ,8  1 3 sockeye 
salmon smolt . This estimate when compared to  the smolt index (1 ,927,984) 
indicated a ratio of 47 .6  total  outmigrants per indexed smolt. Comparison of 
the daily outmigration levels  a s  measured a t  sonar and index reflected similar 
peak migration periods; however, sonar recorded several minor peaks which 
were not evident from the index data (Figure 14)  . 

1972 Operation 

In 1972 three sonar counting systems were utilized for smolt enumera- 
tion i n  the Kvichak River. The 1970 and 1971 models previously described 
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Figure 1 4 .  Percent of total  outmigration by day a s  measured a t  index and sonar ,  1 9 7 1  . 



and a more sophisticated 1972 model fitted with 300  foot cable  allowing more 
latitude i n  placement within the river channel. The electronic package of the 
19 7 2  model was  the same a s  19 71 , but modified to  include light emitting diodes  
(L. E . D . ' s) which light when a return echo i s  received from a specific trans- 
ducer.  The L .  E . D . ' s  were incorporated into the new system to  aid in  identifi- I 

cation of problem transducers and investigate school patterns (Figure 15 ) .  The 
external  t e s t  points were increased to  include one t o  monitor each  bank of trans- 
ducers  and each  key circuit in the electronic package. An electronic alarm was  
a l so  provided a s  a plug-in option t o  alert  crew when smolt counts are occurring. 

Two osci l loscopes  were used with the sonar systems in  1972 to  monitor 
school depth,  th ickness  and orientation within the channel during day and night 
outmigrations . 

The sonar enumeration s i te  remained unchanged from 197 1 (Figure 2) . 
A s  a resul t  of increased cable length on t h e  1972 sonar a r rays ,  the fishing 
s ta t ions  were spaced more uniformly across  the river channel.  

Due to  limited manpower, i t  was  not possible t o  monitor the 1970 sonar 
equipment on the e a s t  bank. I t  w a s  the l ea s t  important gear since th i s  equip- 
ment was  in  an  area of few smolt and continuous deep ice .  Since it was not 
monitored constantly,  the data was  not used for outmigration estimation. 

Water velocity measurements were taken periodically throughout the 
season for adjusting the velocity sett ing on the sonar electronics.  The velocity 
sett ing regulates the repetition rate of the sonar s ignals  s o  each group of f ish 
is " sounded" only once.  

Sonar calibration techniques and sonar operating procedures remained 
identical  to the 1971 program. Calibration efforts i n  1972 were limited t o  
a s s e s s i n g  variability of the 1972 sonar electronics.  Results indicated the  
unit wa s functioning a t  designed capability with an  observed 11 .81 smolt 
per sonar count (Parker, 1974). Calibration factors for the 19 71 sonar equip- 
ment remained unchanged from 197 1 . 

Expansion techniques remained unchanged from the described for 1971, 
although d i s tances  between array centers were changed. Since the i ce  run 
out was  continuous throughout the duration of the smolt outmigration, data 
gathering required almost constant observation of the  river and i ce  conditions. 
During the daylight hours the smolt traveled below the depth t o  which the i ce  
reached, so  the range of the sonar w a s  pulled i n  to miss the i ce .  At night, 
when smolt were a t  the surface,  the range needed to  be s e t  within 1/10 foot 
of the surface,  and became susceptible to  i ce  counting. Visual observations 
were required to  clear i c e  "counts" from the equipment. Observations on the 
light bank on the 1972 equipment, and on the oscil loscope gave information on 
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target depth,  strength, and spatial  distribution which could be relied upon 
heavily to separate smolt from ice  counts during the few hours on unusually 
dark nights when visual  ice  observations were impossible. 

A total  of 6 ,649,760 smolt were counted i n  1972 with 80.7 percent 
enumerated over the west  bank arrays and 19.29 percent over the e a s t  bank 
arrays (Parker, 1974) . Expansion of the enumerated smolt gave a total season 
outmigration estimate of 6 7 ,5  75,075 smolt . Unfortunately the index program 
was  prevented from obtaining i t s  index of the smolt outmigration; consequently, 
no comparison could be made between the index and sonar outmigration estimate.  

In addition to  providing a n  estimate of the total  smolt outmigration, the 
sonar counter by virtue of i t s  design enabled a quantitative examination of smolt 
vertical diurnal migration patterns (Parker, 1974) . This was  facilitated by the 
sonar systems separation of counts recorded by vertically aimed transduce~:; 
which sample mid-water to the surface and horizontally aimed transducers which 
sample mid-water to  the bottom. Counts from 1971 and 1972 sonar enumeration 
are presented i n  Appendix Table 9 .  

CONCLUSIONS 

The index program was  maintained through the years  of the total  smolt 
enumeration development years because i t  was  providing data similar to  that  , 
of previous years  for forecasting the Kvichak sockeye returns and setting 
escapement levels .  However, the index program is considered unreliable 
because of the improbability of getting identical  net  efficiency, with repre- 
sentative sampling, year after year.  The field work in  the years  1970 through 
1972 did more than a l l  previous seasons  t o  quantify problems with the fyke net  
indexing method. Recent da t a ,  combined with past  published information, 
indicates that: (1) numbers and age  c l a s s e s  of smolt may be unevenly distr i-  
buted across  the channel; (2) 3 hour indices contain a highly variable portion 
of daily smolt outmigrations; (3) significant t i m e  periods may be unfishable 
due to  i ce  interference; and (4) net avoidance is not a constant ,  but varied 
with light, velocity, turbidity, net color and other factors. 

With the development of the  sonar total  outmigration estimate program, 
i t  i s  hoped that the fyke net catches  will eventually prove to be a rather con- 
stant  proportion of the total outmigration in  order to  utilize historical da ta .  
Such a relationship might permit the estimation of total  outmigrations from past  
sea  son indexes.  The index program will continue i n  1973 and 1 9  74 for th is  
purpose. Such estimates will need to be utilized carefully and clearly quali- 
fied a s  to reliability. 



The smolt sonar gear is highly sophist icated,  " s ta te  of the art" equip- 
ment designed specifically for counting smolt. In 3 years  of tes t ing,  only one 
system malfunctioned seriously,  and that  was  probably due to shipping from 
California, which a l so  caused damage to  the  ca se .  The electronics must be 
kept dry and handled with ca re ,  but are not affected by temperature extremes. 
They will operate for 2 to  3 months on a standard 12-volt battery, since a 
sonar system power drain i s  much l e s s  than that  of a flashlight with two "D" 
cells. Stability of the calibrations and electronics test ing indicate no change 
in the equipment ability to count in three seasons  of u s e .  

Underwater sonar arrays are  engineered s o  they float high when filled 
with a i r  to  make cleaning and servicing ea sy .  When filled with water and 
bridled to  a n  anchor, they stay in  position on the river bottom. When painted 
a n  olive drab color, the gear is nearly invisible to  the human eye and causes  
no detectable change in  smolt distribution. The gear can be fished in  water 
from 5 to  1 0  feet  deep a t  a velocity range of 0 to  12 feet  per second. 

In that  the sonar equipment has  successfully provided total  outmigration 
estimates for 1971 and 1 9 7 2  under extremely rigorous conditions, the sonar 
equipment will  continue to  be relied upon a s  primary sampling gear. However, 
additional consideration needs to  be given to: (1) an alternative fishing s i t e  
where the channel i s  narrower and deeper,  allowing a higher ratio of sampled 
to  unsampled area with the same amount of gear; (2) system testing for a l l  
sonar functions before river instal lat ion to eliminate or reduce the need for 
fyke net calibrations; and (3) new installation technology which will permit f 

a three man crew to  carry out placement, inspection,  and servicing. 
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Appendix Table  1. Kvichak R ive r  24-hour sockeye salmon smol t  i ndex  c a t c h e s ,  ave rage  Eenghts and we igh t s ,  1955-1972. 

Age I Age I1 

Average Ave r age  T o t a l  T o t a l  4-hr, 
Outmigra t ion  Number ~ e r c e n & l  l e n g t h  Weight Number ~ e r c e n G /  l e n g t h  Weight number i n d e x -  1 f 

- 
average .  646,646 4  5  88  mm 5.9 g  1,074,465 5  5  110mm 1 0 . 8 g  1,721,076 51.6 
11 One index  p o i n t  = 33,340 smol t .  
- - 
21 Numbers o f  Age I and Age I1 f i s h  de r ived  from rounded-off season pe rcen tages  excep t  i n  1963,  1964,  1965 and 1966 when - 

rounded pe rcen tages  were d e r i v e d  from numbers o f  smol t s  o b t a i n e d  by we igh t ing  l e n g t h  frequency d i s t r i b u t i o n  by d a i l y  
c a t c h e s .  

3/ 24-hour index  ca t ch  e s t i m a t e d  by r a t i o s  w i t h  y e a r s  o f  a c t u ' s l  24-hour f i s h i n g  and from v i s u a l  o b s e r v a t i o n s  o f  smol t  - 
m i g r a t i o n  o u t s i d e  t h e  3-hour index.  p e r i o d .  

4/  24-hour index  ca t ch  e s t i m a t e d  from r a t i o s  w i t h  t h e  3-hour index  p e r i o d  c a t c h  ob ta ined  du r ing  o n l y  2  days o f  a c t u a l  - 
24-hour f i s h i n g .  

51 Es t imated  from r a t i o  o f  1971 index  t o  1971 t o t a l  outmigra t - ion  a p p l i e d  t o  1972 t o t a l  o u t m i g r a t i o n .  
p~ 



Appendix Table  2. Percent  o f  sockeye salmon smolt ou tmigra t ion  occu r r ing  
dur ing  index  hours  (2200-0100), Kvichak River ,  1955-1972. 

Pe rcen t  ou tmigra t ion  
dur ing  index  hours  

Year Outmigratio&l (2200-0100) 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

196 7 

196 8 

1969 

19  70 

19 71 

19 72 

Averages 

1/ The methods used t o  expand the 3-hour index  ca tches  t o  24-hour ca tches  f o r  t h e  - 
yea r s  1955, 1956, 1959, 1960, and 1961 a r e  expla ined  i n  the 1964 smolt  r e p o r t .  

21 T N s  f i g u r e  i s  n e a r l y  meaningless s i n c e  i c e  flow precluded any e s t i m a t e  of - 
comparative migra t ion  by per iod .  

31 Note t h a t  t h e  average 51.3% migra t ion  dur ing  t h e  i ndex  hours  i s  probably h igh  - 
a s  t h e  percent  f o r  t h r e e  of t h e  fou r  yea r s  showing 82.3% was assumed on t h e  
b a s i s  t h a t  82.3% of  t h e  smolt  i n  1957 migrated dur ing  t h e  index  hours .  Sampling 
w a s  n o t  on a 24-hour b a s i s  f o r  the y e a r s ,  1955, 1956, 1959, 1960 and 1961. - 



Appendix Tab le  3 .  Kvichak River 3-hour sockeye salmon smol t  c a t c h e s ,  1955-1969, 
(3-hour index  ca tches )  . 

Year o f  Age I Age I1 T o t a l  T o t a l  3-hr. 
ou tmigra t ion  Number Percen t  Number Percen t  number inde&/ 

Seventeen-yr . 
a v e r a g e  256,656 4 5 447,746 55 704,402 21.1 

1/ One i n d e x  p o i n t  = 33,340 smol t .  - 



Appendix Table 4 .  Parent escapement and corresponding sockeye salmon smolt production, Kvichak River, 1952-1970. 

24-hour index smolt per 
Year of Escapement 24-hour index smolt produced spawner x l o 3  

spawning i n  thousands Age I Age I1 Total Age I Age I1 Total  

19 70 
19 71 
Aver ages 



Appendix T a b l e  5 .  Dates o f  sampling and peak p e r i o d s  o f  sockeye  salmon smol t  
o u t m i g r a t i o n ,  Kvichak R i v e r ,  1955 - 1972. 

Number Number P e r c e n t  of 
Year Date o f  days Date of  days  t o t a l  c a t c h  

1955 5/28-6127 31 614-9 6 94% 

1956 5124-714 42 611-9, 14-16 1 2  88 

1957 5/28-7124 5 8 5128-616 1 0  84 

1958  5110-715 5 6 5122-613 13 80 

1959 5/23-6128 36 5126-612 8 9 8 

1960 5/  18-6/19 3 3 5128-614 8 80 

1961  5/23-6120 29 5123-612 11 81 

1962 5127-714 39 6/2-15 1 4  8 8 

1 9 6 3  5/16-61 16 32 5 /  24-29, 6/  7-9 9 86 

1964 5/19-6122 35 6/4-12 9 84 

1965 5/17-6114 28 5/24-30 6 9 1  

1966 5/18-6117 31 6/4-11 8 9 7 

196 7 5/17-6117 31 5126-616 1 2  80 

196 8 5/ 17-6/14 2 8 5/24-27, 611-5 9 7 6 

1969 5/23-6118 2 6 5127-615, 6 /15 1 4  97 

1 9  70 5 /1-6 / 1 5  4 6 5/25-29, 612-4 8 6 5 

1 9 7 1  5/22-6119 28 6/9-13, 6/14-17 9 9 9 

1972  - - 619-1&1 9- 1/ 831/ 

Averages 35 10 86 

1/ P e r i o d  e s t i m a t e d  from 1972 o u t m i g r a t i o n  r e s u l t s .  - 

21  P e r c e n t a g e  t a k e n  from 1972 o u t m i g r a t i o n  r e s u l t s .  - 



Appendix Table 6 .  Pa ren t  escapement and corresponding percent  o f  
Age I1 sockeye salmon smolt produced, 1952-1969. 

Pe rcen t  Age I1 
Year E s  capement smol t 

1/ Based on 24-hour index catches.  - 
21 Estimated on b a s i s  of 2-ocean r e t u r n s  i n  1956 and 52 f i s h  i n  1957 vs .  - 

53 f i s h  i n  1957 and 63  f i s h  i n  1958. 



A p p e n d i x  Table 7 .  Parent sockeye salmon escapement and corresponding adult  return per 
indexed smolt ,  by age group, Kvichak River,  1952-1965. 

Uro~)ci Age I smolt Age I1 smolt- 
year  Escapement - l/ Indexl/  - Adult returnL/ - Ret./smolt  1ndexl/  - Adult returnL/  - ~ e t . / s m o l t  

----.. ----- 

In Thousands 



Appendix Table  8. Kvichak River sockeye salmon smolt  i n d i c e s  and 
corresponding a d u l t  r e t u r n  p e r  indexed smol t ,  1952- 
$965. 

Brood T o t a l  Smolt . 
Year 1ndexLf Adult ~e t u r d /  ~ e t .  I smol t  

lJ In  thousands. 



Appendix Table 9 .  Comparat ive a g e ,  l e n g t n ,  i ndex  n e t  c a t c h e s  and  outmigrat ion e s t i m a t e s  of  socke,~c 
sa lmon slnolt from t h e  Kvichak River ,  1960-1972.  

Age I Age I1 24-hr.  24-hr.  
Year of M e a n  l eng th  M e a n  l eng th  index i n d e x  Outmigra t ion  

outmigrat ion Percent  (m m) Percent  (mm) po in t s  c a t c h  e s t i m a t e  
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